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Extension of the First Spectrum of Rhodium (Rh1)’
Robert I. Murphy

The are spectrum of rhodium hag been investipated photographieally in the region 6300
T

to 12000 A.

e spectrum was excited in conventional direct-current arcs and photographed

on infrared sensitive emulsions with the aid of concave diffraction gratings. Wavelengths
have been measured for 238 Rh v lines, including 9 new lines, of which 53 have been clagsi-

fied.

Two new even levels have been added to the list of known term values; these two new

levels aecount for 18 of the 53 newly classified Rhi lines.

1. Introduction

The analysis of the Rhr spectrum has been ex-
tended to the long-wave limit of photographic
emulsion sensitivity, in order to provide additional
term values of Rh1for volume I1T of Bureau Circular
467, now being compiled [1].2

Except for studies of Zeeman effect, no investiga-
tions of this spectrum have been made since 1925,
when Me%gers [2] published a paper on the platinum
metals. That paper gave the wavelengths of 551
rhodivm lines between 4504 and 8615 A. In 1901
C. P. Snyder (3] published “The wave-number
system of rhodium”, containing regularities among
476 Rhi1 lines. The significance of these regularities
was not realized until 25 years later, when a partial
interpretation of this system was given by Meggers
and Kiess [4],

Prior to 1940 the only analysis of the Zeeman
effect of rhodium was that given by Sommer [5] in
1927. He lists 136 atomic energy levels and classifies
approximately 1,000 lines, about 90 of which are
accompanied by data on the Zeeman effect. In 1940
an analysis by Molnar and Hitchcock [6] improved
and extended the earlier work of Sommer [5]. They
list wavelengths, relative intensities, and vacuum
wave numbers (both observed and computed) for 446
lines from 1988 to 8615 A, in addition to 29 terms,
and g-values for 108 levels. The term values from
their paper have been used in the present investiga-
tion.

Thus the extension of the description and analysis
of Rhifrom 8615 to 11021 A is desirable and has been
made possible mainly by the use of the new photo-
graphic emulsions now available for spectroscopic
studies. These emulsions are sensitive much fa:rt]ll)er
into the infrared than they were in 1925. This is
illustrated by the thallium line at 13013 A recently
Ehotogmphed [7] in the Bureau’s Spectroscopy

aboratory, which sets a new mark for long-wave
photography of laboratory arc sources.

2. Experimental Details

The spectrum, Rh1, as presented in this paper was
excited by means of direct-current ares between
electrodes of metallic rhodium. These electrodes,

1 This paper was submitted to Boston College in partls) fulfiliment of the
requirements for the Master of Sclence degres in May 1952,
2 Figuizres in brackets indiesta litarature reforences at the end of this paper,

mesasuring approximately 6 by 10 mm, were made by
pressing rhodium-metal powder in a Dietert hydraulic
press. 'Thesesolid cylinders of rhodium were pinched
in alotted copper rods that served as electrode
holders. The power was drawn from s 220 v d-¢
circuit, with eurrents of 6 to 8 amp.

All the spectrograms in this investigation were
made with concave diffraction gratings set up in
Wadsworth mountings, as deseribed by Meggers and
Burns [8].

The range from 6300 to 8700 A was photographed
with Eastman I-N plates, from 8000 to 10200 A with
Eastman I-Q plates, and from 97¢¢ to 12000 A with
Eastman I-7Z plates. The I and I-Z plates were
hypersensitized according to the method deseribed by
Burka [9]. This consisted of bathing the plates for 2
min in 2- to 6-percent solutions of 28-percent am-
monisa, followed by & 2-min wash in alcohol and

rapid d ing-‘Nwith WATII gir. o

Ef"or It:{ne —sensitivity region, a 15,000 lines/in.
grating was used. The first-order spectrum of this
grating has a reciprocal dispersion of 4.85 A/mm.
The long-wave Z-sensitivity region was photographed
in the first order of a 7500 linesfin, grating. In its
first-order spectrum this specirograph has a reeipro-
cal dispersion of 10 A/mm. The Q-gensitivity region
lying between the N- and Z-sensitivity regions, was
investigated with both gratings described above.

Exposures varied from 20 min in the N region to
4 hr and 7 hr, respectively, in the C{ and Z regions.
In the long-wave region, a dark-red-glass filter placed
in front of the spectrograph slit eliminated second
and higher overlapping spectral orders and per-
mitted the first-order Rhi1 spectrum to be photo-

aphed. For shorter wavelengths, a yellow-glass
%iter was used to give the first-order spectrum of
rhodium.

For the speciral ranges covered by the I-Z and
I-Q plates, iron wavelength standards adopted by
the International Astronomical Union [10] were
taken from the second- or third-order spectra and
converted to first order, but for the range observed
with I-N plates the iron comparison spectram was
recorded in the ssme first order as the rhodium

spectrum.
3. Results

Measurements of the line positions for wave-
length determinations, and visual estimates of line
intensities and character, were made on a Gaertner
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moving-carriage comparator, This ingtrument gives
readings directly to 1 g. Each Rh1 line retained in
the final list was observed and measured at least
three times, and many were remeasured several
times to increase wavelength accuracy. The prob-
able error for most Wavgengths is approximately
0.02 A, Toward the long wavelengths, where most
of the lines were recorded as hazy, which makes an
accurate comparator setting quite difficult, the error
approaches 0.05 A. The range of estimated relative

intensities is from ‘17", which indicates a weak line
difficult to bisect, to 800" for the strongest Rh1line,

The final values of wavelengths, estimated relative
intensities and line character, vacuum wave num-

bers, and term combinations of classified lines ars
given in table 1. For classified lines, the wave
number calculated from the energy levels is alzo
given. The term notation is that used by Molnar
and Hitcheock [6].

TaBLE 1, Exiension of the first spectrum of rhodium, Rh 1
[h=hnry; H=vary hazy; w=wide; Wmvery wide; d=double; 1=ghaded to longer waves, 2=shaded to shorter waves; Tmobservation doubtful]
. Wave number 1 ‘Wave number
. ntensity ntensity
l&ﬂ;:g and char- Classification ]gl?;‘;ﬁ and char- Classification
acter Observed I()}'-?tfd 8Ctet | Obgerved S‘;";ﬁ
A em—t el A enp1 el
6332, 96 | 100h 15788, 04 | 6. 08 | 354, 236, 15— 2 1D 6753.23 | 15 14803. 65 | 3. 49 13555— z 4P
6342, 25 2 1576293 || oo 6762, 90 1 14782, 48 | 2. 47 19135— 2 Py
6363. 74 | 10h 15709. 69 | 9. 62 1os— 2 °Fg 6785. 37 5h 14733, 53 | feom e
6376. 95 5 1587706 | __ | .. 6796. 66 | 100 14709, 05 | 9. 02 9935—z 'Phyg
6386. 654 | 20h 15653. 61 | 3. 60 Baag— 2 Gy 6827.32 | 60 14643. 00 | 2. 99 biFys—2 *Fiy
6402, 28 8 15615, 13 | 5. 04 € 3Py —z *Diy 6820. 32 | 30 14638. 72 | 8 63 Op— 2 4Py
6410. 17 | 20 1550591 | 5. 84 a 2Gy— 2 *Ghg 6837.77 | 15 14620. 63 | 0. 56 1734z *Phys
6413, 00 | 100h 15589.03 | 9. 03 | 2y B4y 42 1G5y, 6843, 40 | 30 14608. 41 | 8 34 € tFgp—2 Wiy
6414, 67 | 300 16584, 97 | 4. 88 cilge—z ‘Dex 6857, 68 | 60 14578 18 | 8 18 ¢ Fyo—z 4F5
6418. 57 | 10 15875, 50 | 5. 45 b 1Py —x 2Py 6868, 56 2 14555, 09 | 5. 03 b {Piy— z 2Py
6431.20 | 20 15544, 91 | 4, 88 b2 Gps—z *Diy 6877. 14 1 14536, 93 | 6. 87 205 —y *Diy;
6434. 18 1 15537. 78 |- _|emcooo . 6877. 00 4 14585, 32 || mmmimm oo
6445, 13 5 18814, 31 | e amemaeaan 6879. 95 | 100 14530, 90 | 1. 00 b 4Fy— 2 1Py
6452, 67 5 15493. 19 | 3. 06 @ *Gale—2 2Giy 6898, 19 Bw 14492 57 | 2. 52 28y, a— ¥ *Diys
6456. 58 2 15483, 81 |o oo |emm o 6905. 38 3 14477 48 | 7. 45 @ 2Dy —z 1Dy
6461, 97 4 15470. 89 | 0. 83 b *Pm—ﬁ%;i) 6911, 78 5 14484 OF | oo
6479. 90 3 15428, 08 | 8,03 2516 —y 1D 6019, 03 | 30 14448.91 | 8.04 ¢ b2Gy— 138
6485, 64 | 30 15414, 43 | 4. 45 e P l— 2 D5y 6925. 49 | 15 14435, 44 | 5. 43 263, 14— ¥ fgs%
6496, 87 1 18387 78 | ol 6051, 12 2 14382, 21 | 2. 19 1Py 1D
6499, 52 2h 15381 B | oo |em o e imamnan 6065, 64 | 300 14352.23 [ 2. 19 b4Fgs— 2 4Dhy
8510. 35 | 160 15355. 92 | 5. 81 b 4Fa—z1F5; 6072, 94 | 80 14337. 20 | 7. 22 ¢ ‘Fig—24Fhy
6511, 21 2 15353. 87 | 3. 78 a 2y — 2 4Ty 6979, 13 | 150 14324, 49 | e aioaon
6517.52 | 30 15339. 03 | 8. 95 @ 2Dy — 2 1Diy 6994. 64 | 10 14292, 73 | 2. 70 — 2 Fy
6519, 67 | 200 15333, 97 { 3. 93 b 4F 15— z 4y 7001. 55 | 100 14278 62 | 8 58 b AR —z 1D
6501, 98 4 15165. 77 | 5. 79 b 2Gay— 15855 7009. 44 6 14262, 54 | 2. 59 2605, 135— 2 2Py
6618, 55 4 15104. 89 | 4.93 2604, 15— 7 *Piyg 7038.72 | 80 14203. 22 | 3. 18 b "Fyy— 2 Dy
6610, 44 4 15102. 85 | 2. 82 b 4Py — 2 2Dy 7061, 14 1h 14158. 15 |_ - |ccccmcccmee—mn
8627. 78 | 100 15083. 85 | 3. 81 @ 3Gy — 2 4G5y 7101, 60 | 300 14077. 46 | 7. 41 ¢ 2Ry~ 2 4Dy
6630. 11 | 200 15978, 55 | 8. 47 b 4Fac—z $Fhy 7102.02 | 10 14078, 63 | 6. 55 b 2Gay— 12515
6632.11 | 20 15074, 00 | 3, 97 ¢ *Fa;—2 4Dy 7104. 45 | 150 14071 81 | 1. 77 biFu— 21Dy
6637. 32 5 15062, 17 | 2. 18 b 4Py —y 2Dy 7141, 36 | 15 13999, 08 | 9.12 26014, 136 — ¥ *Diyg
6643, 65 5h 15047. 82 | 7. 73 19y6— 24Py 7142 55 | 80 13996. 74 | 6. 74 ¢ $Fyq-~z 4Fiy
6845, 04 | 10 15044 67 | 4. 66 25y¢—z *Phy 7151. 79 1 13978.65 |___ . _|—ccmmmmmmmeemomme
6658. 85 3 15013. 47 | 3. 66 e4Fy—z 4 Fyy 7166, 14 | 15kl 13950. 70 | 0. 58 631 — 2 3 ¥y
6659, 13 4 15012, 84 | 2, 90 b P — 40y 7172, 16 1 13938. 96 | 8. 85 2515~y 4Dy
6662. 99 3 15004. 13 | 3. 97 18— 2 4Pty 7186. 95 1 13910.27 | 0. 15 B — 13
6672. 33 | 204f 14983. 14 | 3. 06 b +For, — 2 4G 7199. 53 | 50Al 13885. 97 | 8.01 | By, a4 :z— zsskm
6673. 25 5 14981, 08 | 1. 03 a 2Gag— 2 1G5 7219.06 [ 80 13848, 40 | 8. 40 @ ¥igge— z 4F8y
6686, 63 4 14951. 10 | 0. 87 1654— z 2Py 7227.73 | 20 13831 80 ||
6705. 37 2HW | 14909. 81 || . 7229, 93 3 13827. 59 | _ ___ | ___
6716. 68 4 14884. 21 | 4. 16 Tg— z 2055 7240.37 | 20 18807. 64 | ____ | o _______
8721, 81 5 14873.95 | 8. 88 13542 4Py 7256, 55 4hg 13776. 86 |_____ o _____
8725, 48 1H 14864, 78 |- o oo 7262.62 | 15 13765. 38 | 5. 40 ¢ tFyyo— 2 3Dy
6730. 78 3h 1485%. 03 | 3. 01 Bazs— 2 308 7268, 23 | 200 13754. 73 | 4 82 By — 2 4Gy,
6752, 34 | 800 14805. 60 | 5. 60 ¢ Fys— 2 Dy 7270. 85 | 500 13749.76 | 9. 82 £ 1y — 7 4Gy



TaBLE 1.

Ezxlension of the first spectrum of rhodium, Bh 1—Continued

Wave number

Wave number

Intensity Intensity
l?;?éﬁ and char- | Classification l‘;‘;ﬁg";ﬁ and char- Classification
actel | Opserved gl?g:d acter | Ohgerved S&Ig&
A em! em™! A cm? em—1
7271. 93 | 200 183747.72 1 7. 65 b iFye—z 4Fg, TO81. 97 20 12524. 79 | 4. 75 a 3Gye—z 4G5y
7273. 01 60 13745. 67 | 5. 62 o 20ps— 2z tFiy 8016, 60 80 12470, 69 | 0. 67 ¢ Fys— 2z 2Fhy,
7273. 61 20 13744, 54 | 4. 45 25136— 47 8029. 93 | 400 12449. 99 |50, 00 ciFpg— 2 F
7282, 83 20 13727156 || Lo 8036. 09 | 250 12440. 45 | 0. 51 c4Fyus—z 'Fgy
7285. 22 2 13722 64 || e oo 8041, 60 17 124531.92 | 1. 98 2535 — 934
7290. b1 5 13712. 69 | 2. 69 5Py —2EPg 8043, 02 S0 12428 33 | B. 36 ¢ tFpg—z Ty
7293.22 | 10 13707. 59 | |oeoemoe oo 8045, 36 | 400 12426. 11 | 6. 17 ¢ Fy— 2 {Fhyg
7299, 50 20 13605. 23 | 5. 17 2515—w *Diy 8048, 01 142 12422 02 | 1. 97 2 3G — 2 1G5
7314. 93 2 13666, 91 | 6. 91 26035, 13— B 8053, 29 4h 12413.88 | 3. 8p 19—y *Diy
7330.13 5 13638, 57 |- oo 8058. 97 2h 12405.13 | 5. 16 2413—z 2Py
7334. 80 1 13629. 89 | e 8063. 50 80 12398. 16 | 8. 20 ciFy— 22 D%y
7375. 54 | 100 13554. 60 | 4. 57 aDge—z 4D 8077. 71 8 12376. 35 | e oo
7386. 63 40 13534. 26 | 4. 29 ¢ tFy— 2 tFiy BOTS, 42 5 12375, 26 |-l e
7391. 70 1 13624 97 |oc oo m o 8138. 18 30h 12287. 41 | 7. 39 b 4Py — =z 1Dgy,
7423. 63 20 13466. 80 | 6. 72 13— 1w 41D 8159. 71 4 12251.97 | 1.94 17—y 1Dy
7430. 79 60 13453. 82 | 3. 77 b iFy—z 4Dy 8163. 22 1 12248, 71 | oo | e
7442, 39 1 300 13432, 85 | 2. 87 ¢ Py, — 24Dy §166, 99 2h 12241, 05 | 1. 01 1935— 2 2Py
7446, 76 80 13424. 97 | 4. 92 ¢ iFys— 2 2Dy 8173. 41 4 12231. 44 | 1. 36 € tFg— 2 1Ghy
7449. 33 104 13420, 35 | 0. 25 135, —y *Diyg 8193, 67 60h 12201.19 | 1. 20 c¥Fpg— 2 1Gly
T453. 42 2 13412, 97 | 2.92 o 2Gag— 2 tFg 8210. 43 10 12578, 28 [ |-
7468, 28 5h 13386.29 |- 8276, 25 2H 12077, 45 |- oo alem e o
7472, 4 17 13379.19 |____._. e 8310. 38 2h 12029 84 | oo e aea
7475. 71 | 300 13372.08 | 2. 93 ¢ ¥y, —z 4Gy 8321, 65z 3 12013. 55 | 8. 57 b 4Py — 24Py
7484. 53 1k 13367. 238 | . 8369. 67 30 11944 61 | 4. 68 ¢ iFng—z Dy
7487.34 | 1 13352.21 |- ___ D 8380.60 | 6 11916. 12 | 6. 14 b 4Fp— z *Dig
7492. 64 | 40 13342.72 { 2. 77 eFa—24Ge | 8422.23 | 2 11870. 08 | 0. 07 26034, 16— Pl
7495. 22 | 300 13338. 17 | 8. 17 e1Fgs— 2z tGiyg 8425, 59 | 100 11865. 35 | 5. 38 ¢ Fiy—2Piy
7496. 92 | 40 18385, 15 o coeo oo 8465.17 | 1 11809, 87 | 9. 80 25143 Phg
7505. 09 1 13820.63 | |- .. 8503. 16 1k 11757 11 oo
7513. 95 80 13304, 92 | 4. 81 17—y Dy 8509. 52 2h 11748. 32 | 8. 31 biPiy— 2z Py
7524, 30 20 13286, 62 | 6. 52 25134 —081¢ 8547, 29 2 11696, 40 |_ ..o | __._
7542, 01 | 100 13255. 42 | 5. 39 Ous—y*Dy; | 8560.83| 5 11677.91 | 7. 92 b 4Py —z 4Py
7549. b8 8 13242, 13 | 2. 17 2634, 13— 2Py R]58R. 66 14 11640, 10 | _ |
7567, 701 150 13227, 90 | 7. 92 e Py — 2 4Gy Ral1h. 21 104 11604, 19 | 4. 20 ¢4 ¥y, —z 2Dy
7558. B4 3k 13225.91 |__.___ e mm e 8630. 23 1 11684 00 § . | mmmameemoem
7577. 26 | 150 13193.75 | 3.81 ¢ 4Fy— 24Ty, 8674 46 | 5k 11524, 93 | 4. 90 £ 4Py — 12 2y
7579.58 | 40 13189, 72 (_____ e 8745, 89 3 11430. 80 | Q.77 ¢ gy — 2 2G5
7595, 43 1 13162.20 | 2. 11 24—y DR R7649. 08 10 11400. 58 | 0. 61 c 1 Fyg— 2 208,
7616. 01 1 13126, 63 | 6. 62 O, mg— Y 1D, 8886. 25 1? 11250. 24 | 0. 24 b 3Gy — B
7639, 22 10 13086, 756 | 6. 77 a 205, — 2 WGy 8909, 71 1 11220, 63 | 0. 59 19— x 2P
7641. 18 2 13083, 39 [ 3.35 19y35— =z 2Phg 8033, 51 40 11190, 74 | 0. 76 ¢ ¥Fy—z 1G5,
7690, 10 | 200 13000. 16 | 0. 18 ¢ Py — 2 F5y 8935, 37 3 11388, 41 | e
7707. 97 20 12970. 02 | 0. 02 c4Fps—2'Fiy 8986. 74 i? 11124, 46 | L o e o
7736. 91 4h 12921, 51 | 1. 44 1713,—2 2Py 9040. 20 3 11058, 87 | 8. 68 1713¢—3 2Pig
7757.00 2h 12888. 04 | 8. 00 2515— ¢ Dy 9041. 37 15 11057.24 | 7. 32 & 1Gyg— 2z *Diy
7760, 85 10 12866.72 |- |- 058, 26 6h 11086, 62 |- oo oo e
7772, 92 | 300 12361. 64 | 1. 65 ¢ WFg— 2 Fhy 9083, 47 1k 11006. 99 | -
7773. 48 10 12860, 72 |- e emmeaa-a 4102, 10 3 10983, 46 |_ .| -
7791, 65 | 400 12830.73 | 0. 74 c4Fg— 2 1Gig 9124. 46 104 109566. 55 | 6. 57 b {Fag— 2 *Diy
7824. 92 | 00 12776. 08 | 6. 15 c 1 us— 2 4Q3 9126, 13 5 10954. 54 | 4. 54 a8 IGae—z 1Dy
7830, 04 | 250 12767.84 | _____ e 9149.85 | 24 10926. 12 | 6. 15 Tis—¥ *Dix
7846. 52 | 100 12741, 01 | 0,95 biFp—2z4Dgy 9177. 12 2h 10803.68 | __ .\ __ . ..
TR47. T4 8 12738.95 | 8. 92 6 2Gpe— 2 1Dy 9221. 28 1 10841. 50 | 1. 59 b 3Gy — ¢ T8y
7871, 60 2k 12700. 41 | 0. 43 b Gy —a TGy 9231. 48 1A 10829, 53 |- v o im) e emmm— e
7899. 49 2k 12655, 57 | 5. 62 2054 — 414 9246, 92 2h 10811, 57 | 1. 49 Oy —2x 1Py
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TaeLE 1.

Extension of the first spectrum of rhodium, Rh —Continued

}
; . Wave numher I Wave number
ntensity ntensity
Wave and char- | Clagsification Wave and char- Classification
length acter Com- length acter Com-
Obsgerved puted Obgerved puted

A em™1 em™! y:} cm—1 cm1
9326, 05 1k 10719, 71 | |e e 9713, 84 1 10291, 77 || s
9327. 39 6k 1071817 |- . | Q716. 97 15 10288, 45 | 8. b0 ¢ Fys— 2 Fijy
9361. 91 2k 10678. 65 | 8. 73 e Py — 231G 9748, 87 2h 10254.79 | 4. 78 O — B8
9424, 55 | 50 10607. 68 | 7. 64 ¢ Fye— 2 1D, 9757, 11 | 150 10246, 12 | 6. 19 ctPy—z ?}bE%
9455. 92 1k 10572.49 | ___ | . ____ 9761. 40 1 10243, 63 | oo | e e __
0477, 57 2h 10548, 34 | ____ b ___ 9790. 70 2h 10210, 98 | 1. 11 b 4Py —z Dy
8495, 56 20 10528. 36 | 8. 34 ¢ 2Fas—2 1Fh; a846. 07 1k 101588. 86 | oo | e e e
9522, 88 6 10498, 14 | 8. 18 e 1Py — 22 F5, 9850, 93 3h 10148, 55 | | iman
9538. 60 3h 10483. 04 |- __ | __. 98848, 17 2k WOLY2. 37 |cen | e e
9541. 31 b 10477. 86 | 7. 87 ) VIR i 9048, 38 80 10049. 14 | 9. 19 ¢ oy — z 1G5y,
9578. 82 1 10436. 84 | .| ________ 9959. 61 3 1008780 ). o o __.
9580, 54 17 10434, 96 || .. .. 10015, 42 2h 9981. 87 | 1. 80 25134 —x D
9597, 94 17 10416. 04 |_____ | .. __ 10082, 38 1k 0918, 58 |- | e
9605, B6 20 10407, 46 | 7.48 ciF— 2 Py 101148 00 2h OR7O. T | e __
9613, 84 2h 10398. 82 | __ oo mmann 10121, 96 3h 9876. 80 | 6.85 e 4F— 2 2Py
9620, 75 1 10391, 35 |- e ooLoC 10188, 37 1 9812, 44 | ____ |-
9626. 53 2h 10385. 12 {_ | . ___ 10499, 29 1WH? 0521, 83 | .| e
9632. 58 1k 10378. 59 | _|___ ___________ 10809. 46 1k 9248. 62 | 8. 60 ¢ Fy— 2 WGt
9671. 76 2h 10336. 55 | | L.- 11021, 74 14 9070, 48 | O, 44 ¢ ¥y —z 4Py

Although others have published data on Rh1
extending to 8615 A, & comparison of the intensities
of corresponding lines shows that the present esti-
mates are on a more open scale that is approximately
five times greater than that used in earlier publica-
tions. In addition, new lines have been discovered
in the regions previously investigated. Of the 238
new wavelength measurements bere listed, 148 had
previously been measured by Meggers [2], of which
111 were included by Molnar and Hitcheock [6].
With the aid of a grating ruled with 15,000 lines/in.,
it has been possible to increase the precision of some
Rhi wavelengths. With the new photographic
emulsions it has been possible to investigate this
spectrum out to 12000 A, although there is only one
Rh1 line beyond 11000 A.

One of the main difficulties sncountered in the
spectral cbservation of the platinum metals in open
air arcs is the presence of many atoinic oxygen and
nitrogen lines, and unidentified molecular lines, par-
ticularly between 8300 and 11000 A. A compari-
son with this Bureau’s wave length data, published and
unpublished; shows that table 1 contains no lines
originating from satmospheric constituents in the
atomic state. Atmospheric molecular lines were
more troublesome, and it was a problem to deter-
mine which lines could be legitimately discarded as
such. Fortunately, a photograph of the i idium
gpectrum in the same region was available, and all
lines appearing in both spectra were ascribed to
atmospheric spectra and removed from the Rh list.
Several calcium, sodium, potassium, and copper
lines were also present in the rhodium spectra, but
the first three would be expected in almost any
metallic sample. The copper lines were introduced
when the arc jumped to the copper electrode holder.

3.1 Classification of Observed Lines of Rhi

With the term values a& given by Molnar and
Hitchcock [6], a systematic subtraction beétween
even and odd levels with differences between 8000
and 17000 em™ was carried out. This served to
classify 35 lines belonging to known terms. In ad-
dition, a search for aﬁ the known term separations
among three dozen of the stronger lines still remain-
ing unclassified has resulted in the discovery of two
new even levels. With these two new levels, one
at 23655.93 cm™, suspected to be a b P, level,
and the other at 27876.52 em™!, suspectad.to be a
b 2@, level, it was possible to classify 18 more lines
of Rh1. One of these lines had previously been in-
correctly classified. This iz seen in the following
example by the much closer agreement between the
observed and computed vacuum wave numbers given
by the new b 2G;y level:

Wave number

Wave- . .

length  Com. [ Classification
| Ohbserved puted |'.
| em~!
| A em~1 1. 34 22;;;, s;‘—ﬂgnix

7871. 60 | 12700, 41 (former)

0. 43 | dilfhy—a?Fhy; (present)

s Only the last 3 digits are given here and in tabie 1 for the computed wave
number,

_ The new transitions in the infrared have resulted
in the assigpment of J-values to two known levels
for which the values were previously ambiguous.
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The level 20,4 345 ot 51324.35 em~' combines with
levels having 3—values of 1% and 3%, which, according
to the transition rule of AJ=0, +1, determines the
J-value to be 2. In like manner, the level 24, 4
at 51636.54 em~! combines with levels of J=0%, 1%,
and 2%, and has therefore been assigned J=1%,

A comparison of the observed and computed wave
numbers for classified lines shows that the differences
average 0.04 cm™!, with 30 percent of the lines
agreelng to within 0.03 em~%, 'These differences are
within the error of measuremeant for long waves,

The author takes pleasure in thanking Willigm F,
Meggers, Chief of the Spectroscopy Section, for
assigning this project, and for his continued interest
and guidance.

4. References

[1] C. E. Moore, Atomic energy levels as derived from the
analyses of optieal spectra, NBS Cire. 467, IIT {in
reparation).
2] W. F. Meggers, Sci. Pap. BS 20, 31 (1925) 8499.
i3] C. P. Snyder, Astrophys. J. 14, 179 (1801).
[4] W. F, Meggers and C. C. Kiess, J. Opt. Soc. Am, Rev.
Bei. Instr. 12, 438 (1926).
151 L. A, Sommer, Z, Physik 45, 147 (1927).
[6] J. P. Molnar and W. J. Hitchcock, J. Opt. Soe. Am. 30,
523 (1940).
[7] W. F, Meggers and R. J, Murphy, J. Research NBS 48,
334 (1952) RP2320. .
[8] W. F. Meggerzs and K. Burns, Sci. Pap. BS 18, 191
(1922) 8441,
[91 8. M. Burka, J. Franklin Tnst. 189, 25 (1920).
[10] Trana. Intern. Asiron. Union, §, 84 (1935).

Wasaixeron, July 1952,

375



